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To investigate deoxygenation of nitrosocazomethine derivatives
(ITI) as a method for the generation of azomethine nitrenes (IV),
"a preparation of these virtually unknown nitroso compound32 by the

eoxidation and dehydrogenation of secondary amidoximes has bsgen

sought.
CGHsﬁNHcsH5 CgHsC0=NCgHjy CGH5?=NCSH5 CecHsC=NCgHg
NOH NHOH NO tN:s
I | I III v

At room temperature or below, the oxime (I) of benzanilide re-
acts readily with lead tetraacetate, N-bromosuccinimide, or diethyl"
_azodicarboxylate. The O-benzoyl derivativs (V) of the oxime of ben-
zanilide is produced in yields of 15.6, 13 and 57.7 percent respec-
tively. Its formation is consistent with an initial oxidation or
dehydrogenation of the amidoxime into l,2;diphenyl-2-nitrosoazomethine
(III) and subsequent condensation between I and III followed by ‘

‘ FST| faees —
hydrolysis during the workup. i J%A
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As alternative reactions leading' to the formation of V, the
condensation of I with either itself or benzanilide at the tempsra-
tures employed was eliminated by separate experiments which revealed
no reaction in either event. A small amount of benzanilide isolated
from each oxidation or dehydrogenation may be attributed to hydroly-

sis of anyone of the several derivatives of CgHgC (NHCgHg)=N- which

arns present during workup of the reaction mixturse.

An independent synthesis of V (75.6% yield) was developed from
a new reaction between benzonitrile oxide and &he oxime (I). In

addition to V, benzanilide and diphenylfuroxan were formed. Although

I + CeHsCENO '—é v + CsHsCONHCsHs +- CSHBC-CCSHS

N —
No® ®

there is no direct positive evidence to support it, the possibility -
that benzonitrile oxide may be generated during an oxidation of I
has been recognized. | |

Both oxidation and dehydrogenation may proceed from the tauto-
meric hydroxylamine (II). Facile oxidation of hydroxylamines to
nitroso compounds is well established; howsver, dehydrogenation of
the hydroxylamino function by ethyl ézodicarboxylate was unknown

heretofore. By this reagent phenylhydroxylamire has been dehydro-

- genated to nitrosobenzene in 71% yield. An explanation for the

reaction is based upon a concerted or stepwise dissociation of a
proposed cyclic adduct, VI. Ethyl hydrazocarbexylate is produced in
a comparable yield of 72%. Conceivably thié ne:w preparation of a
nitroso compound may be of value when carried out in the presence of

other groups sensitive to oxidizing or reducing reagents. Closely

2.




related dehydrogenation of other compounds, e.g. primary and secon-
dary alcohols, primary amines and mercaptans, by diethyl azodicar-

boxylate has been reported.3

RNHOH

Pred
CoHg0sCN=NCO,C,Hs  R-N)
> é —3 RNO + (C,HgO,CNH),

I
® R = CgHg, CgHsN=CCgHg

|
When R = CgHgN=CCgHs, VI may undergo dissmciation with the for-
mation not only of IITI but also of 3,l-diphenyl-1,2,lj-oxadiazolone=-5

(VII), isolated in low yield. An additional explanation for the

0
HO /' \ = OH
O —N=N—C ~N,=C (OH) 0C,H ~CoHgOH = CoHgC-NC H
Cszo/ / U\;/\OCsz 2 275 2 N 6 5// \6 6
/%/ N\O/C—O
/,N=Q\
CgH CgH
stls ells VII

-N
N2=C (OH)OC2H5 _—2% CsHst ?

formation of VII requires initial acylation at either amide nitrogen

or, more likely, oxime oxygen of I. In either event the fate of the

4 7
~C3HgOH CGHBCikN//O

1
1 _C2Hs020N=NCO,C Hs csHin ?N=NC0202H5 -N,C (0H)0C Hg

extrusion by-product, Np=C(OH)0C,Hs, has not been determined. Con=-

ceivably either methyl formate or carbon monoxide and ethanol are

. 3.
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mole) of lead tetraacetate

produced with nitrogen. It was independently established that VII
is not produced under comparable conditions by the interaction of
ethyl hydrazocarboxylate and I.

Experimental

The oxime (I) of benzanilide was prepared by refluxing an al-

‘coholic solution of thiobenzanilide, mp 98-100° C, and equivalent

®amounts of hydroxylamine hydrochloride and sodium carbonate for 12

hoursu or from an ether solution of benzonitrile oxide‘and a large
excess of aniline on standing for 12 hours.5 Average yields of 70
percent of colorless solid were obtained after recrystallization
from hexane-benzene (2:1), mp 136-137°.

Addition of benzoyl chloride to I afforded the O-benzoyl deriva-

tive (V), colorless solid, mp 116-117° C. b Infrared absorption in
chloroform (em~*): 3450, 3010, 1755 vs, 1620, 1610, 1580, 1510, thS,
11,00, 1260-1200, 1080, 1060 and 1025. 1In deuterochloroform V gave

nmr for two sets of aromatic protons at §8.10-7.86 and 7.60-6.69.

Oxidation of the oxime (I) of benzanilide. A. Lead Tetrsacetats.

Frbm a closed dropping funnel, a solution of 2.12 g (0.0l mole) of
the oxime (I) in 50 ml of methyléne chloride6 was added slowly over
e period of two hours with stirring to a solution of L.43 g (0.01

7 in ;0 ml of methylene chloride in a
closed 125 ml Erlenmeyer flask in an ice-bath to maintain £he re-
action mixture at 0° C., As the addition progressed the solution
turned dark and a colorless precipitate of lead acetate appeared and

was removed by filtration after standing at room temperature for 12

hours, 2.9 g (0.0089 mole), 89.1%. After successively washing the

L.
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dark filtrate with water and sodium bicarbonate solution, drying

over magnesium sulfate, filtering and evaporating a derk tarry
residues was obtained and chromatographed over silica gel. Fqllowing
elution of an unidentified yellow 0il by hexane and benzene mixtures,
100 mg (0.5 mmole) of benzanilide (5% yield) was eluted by benzensc-
chloroform (6:1) and recrystallized from carbon tetrachloride as

colorless needles, mp and mixture mp with an authentic sample 162~

®163° ¢,

A very dark oil (1.0 g) was eluted with benzene-chloroform (2:3)
and slowly solidified, mp 90-95°, With a Rodder streaker instrument
250 mg was deposited on a thin layer (2 mm thick) chromatographic
silica gel plate. Plate development with benzene-ethyl acetate (5:1)
produced 8 colored bands, only one of which, Re 0.5, consisted of an
appreciasble amount of material from which 80 mg of light yellow solid,
mp 108-111° was isolated and recrystallized from benzene-hexane (1:l)
as colorless needles, mp 116-117°, Combined product from different
tle runs at this stage gave 2L8 mg (0.78 mmole) (15.6% yield) of the
O-benzoyl derivative (V) of the oxime of benzanilide. Comparison
with an aufhentic sample revealed an identical ir spsctrum, an iden-
tical nmr spectrum, and uhdepressed mixture mp. Hydrolysis of V in

5% sodium hydroxide produced the oxime I in 87% yield and benzoic

acid in 81%.

B. N-Bromosuccinimide. To a stirred solution of 1.6 g (7.5 mmole)-

of the oxime (I) in 50 ml of CHCls cooled in an ice-bath to 0° C a
solution of 1.35 g (7.5 mmole) of N-bromosuccinimide in 50 ml of
carbon tetrachloride, mp 169-171° C, was added dropwise as a brown

color developed and colorless crystals separated. Stirring was

5.
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continued for 1.5 hours at 0° C and 12 hours at room temperature.
Succinimide, 227 mg (2.3 mmole), 30.6%, mp 124°, was separated by
filtration. Trituration with carbon tetrachloride of a dark oil
obtained from the filtrate on evaporation brought about the separa-
tion of a colorless solid which after separation by filtration,

was dissolved in water and treated with excess sodium carbonate.
From an ether extract after drying over magnesium sulfate and

evaporation, the colorless oxime (I) was recovered, mp 134-136°,

300 mg (1.l mmole) (18.7%).

The carbon tetrachloride solution was extracted with 5 percentu
sodium carbonate, washed with water, dried over calcium chloride,
filtered and evaporaysed. A dark oil residue wés chromatograbhed over
silica gel. A small quantity of an unidentified yellow oil was
eluted with benzene followed by a colorless solid which recfystal-
lized from carbon tetrachloride as needles, mp 162-163° C, 50 mg
(0.25 mmole) of benzenilide (L.2% yield based on recovered I).

Benzene-chloroform (L:1) eluted a light yellow solid which re-
crystallized from hexane-benzene as fine colorless needles, mp 1l6-
117°, 120 mg (0.379 mmole) of the O-benzoyl derivative (V) of the
oxime of benzanilide (13% yield based on fecovered I). In comparison
with an authentic sample ir and nmr were respectively identical and
a mixture mp was undepressed.

Further elution gave a dark unidentified o0il and ether-chloro- '
form (1:1) eluted a brown solid which recrystallized from benzene-

hexane as colorless I, mp 133-135° ¢, 50 mg (0.23 mmole) (3%)

i /Ci e

Further elution with ether gave a dark tar.
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C. Diethyl azodicarboxylate. An orahge solution of 1.80 g (8.4

" mmole) of the oxime (I) and 1.46 g (8.4 mmole} of diethyl azodicar-

boxylate8 in 50 ml of chloroform was kept at raom temperature in a
125 ml Erlenmeyer flask for 12 hours as the color deepened to red-
brown. Combined 2 N hydrochloric acid extracts were carefully
neutralized by the addition of potassium hydroxide pellets. From
the slightly basic solution a white solid separated from which ether
SLxtracted 0.16 g (0.75 mmole), mp 135-136° C, of recovered oxime

(1) (8.9%).

The chloroform layer gave a brown-red oil after drying over mag-
nesium sulfate, filtering and evaporating. On =addition of SQ ml of
ether a light yellow solid separated which deposited as colorless
needles, 340 mg (1.93 mmole) (25.2% based on recovered I) mp 129-
131° C, on recrystallization from carbon tetrachloride and identified
as diethyl hydrazodicarboxylate.8 An unidentif‘ied brown solid, 15
mg, mp 280-290° C remained insoluble in hot carbon tetrachloride and
was separated.

The ether solution was chromatographed over 70 g of silica gel.
A few mg of unidentified yellow oils weré.eluted by benzene-hexans.

A colorless solid was then eluted with chlorofarm-benzene (1:6) and
recrystallized from benzene-hexane as 3,lL-diphenyl-l,2,li-oxadiazo-

lone-5, mp and mixture mp 166-167° C,u 35 mg (0.1l mmole) (1.9%

" yield. Its ir spectrum (em™ ) from chloroform was identical with

that obtained from authentic msterial: 3060, 3020, 1785 vs, 1605,
1595, 1565, 1510, 1455, 1415, 1330, 1320, 1150, 1075, 1030, 1010,
1000, 975, 890, 610.

Next benzene-chloroform (6:1) eluted a coliorless solid, mp 160-

161°, identified as benzanilide, 75 mg (0.38 mmole) (l..9% yield).

7.
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With an authentic sample the mp was undepressed and an identical
ir spectrum was obtained. Continued elution produced 0.70 g (2.21
mmole) (57.7%) pale yellow necedles, ﬁp 112-115° ¢, which recrys-
tallized from benzene-hexane as colorless needles, mp 116-117°, of
V. Comparison with authentic material produced identical ir spectra
and an undepressed mixture mp.
Chloroform-benzene (3:1) then eluted a brown oil, apparently a
.mixture of V and diethyl hydrazodicarboxylate according to tlc and
ir, followed by a colorless solid, mp 130-132°, 1450 mg (2.55 mmole)
(33.3% yield based on recovered I), identified as diethyl hydrazo-
dicarboxylate.8
Ether eluted a dark red band as an unattractive black oil and

ethyl acetate elutsd an additional dark brown cil.

Oxidation of N-Phenylhydroxylamine by disthyl azodicarboxylats.

To an orange solution of 8.70 g (0.05 mole) of diethyl azodicarbo-
xylate in 50 ml of ether externally cooled to =30° C by a dry ice-

acetone bath, a solution of 5.45 g (0.05 mole) of N-phenylhydroxyl-
9

amine’ in 50 ml of ether was added dropwise with magnetic stirring
over a period of one hour during which time a green color rapidly.
developed and a colorlessvprecipitate appeared. The solution was

stirred an additional two hours at room temperature. Infrared ab-

sorption identical with that for an authentic sample and an undepres-

sed mixture mp identified the separate colorless solid as diethyl

hydrazodicarboxylatse, 6. g (0.0363 mole) (72% yield) mp 131-133°.
A green solid remained after evaporation ef the ether filtrate

and was steam distilled. Combined ether extractions of the distil-

late were dried over calclum chloride, filtered and evaporated leaving

. 8 .




a green liquid which solidified to colorless crystals, mp 63-65°
(green melt) of nitrosobenzene, 3.8 g (0.0356 mole) (71% yield).

In comparison with authentic material, identical ir spectra were

obtained and a mixture mp was undepressed.

Benzonitrile oxide and the oxime (I) of bemnzanilide. After 12

hours at room temperature a solution of 2.12 g (0.0l mole) of the
oxime (I) in 30 ml of chloroform and 0.00l2 nickec of benzonitrile

'oxidelo

in ether added dropwise became pale yellow. Combined 2 N
hydrochloric acid extracts were carefully neutralized by the addi-
tion of potassium hydroxide pellets whereupon & colorless precipi-
tate separated and was extracted with ether. The ether extracts
were dried over magnesium sulfate, filtered and evaporated leaving
a residue of 1.60 g (0.0075 mole) of recovered I, mp 135-136° C.

The ether-chloroform substrate after acid extraction was dried
over magnesium sulfate, filtered and evaporated to leave a brown oil
which was chromatographed over silica gel. Hexane-benzene (3:1) |
eluted a colorless solid, mp 112-114° ¢, 110 mg (0.46 mmole) (21.9%)
identified as diphenylfuroxan.ll P

Next benzene-chloroform (6:1) elutéd 45 mg (0.22 mmole) of ben-
zanilide, mp 160-161° ¢ (8.8% yield based on recovered I or 5.2%
based on benzonitrile oxide).

Continued elution with benzene-chloroform (6:1) removed 0.60 g
(1.89 mmole) of V, mp 11L-116° C as colorless meedles (75.8% yield

based on recovered I or 15.0% based on benzonitrile oxide).

A brown band remained on top of the columm.
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